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VAIL ENGINEERING, INC.

\ 1588 SAN MATEQ LANE
SANTA FE, NEW MEXICO

ANALYSIS OF TAILINGS POND
SEEPAGE FLOW TO RED RIVER

OVERVIEW

Molycorp's tailings dams are located primarily in
Sections 35 (Dam Nos. 4 & 5) ané 36 (Dbam No. 1), of
Township 29N Range 12E NMPM, one to two miles west of the
Town of Questa, Taos County, New Mexico. Red River flows
to the west past the tailings ponds at a distance of
approximately one-half mile south of the ponds. Leachate
from the tailings ponds seeps to the ground water which

flows generally in a southwesterly direction and

discharges to Red River.

The_ seecpage from the ponds contains elevated

concentrations cof sulfates (840+ mg/l), molybdenum {2+

mg/l), manganese (i.4+ mg/l), and total dissolved solids
{1700+ mg/l). Several other elements are present at

moderately elevated but below significant levels. It
appears that most of the molybdenum is being absorbed
during seepage flow in the vadose zone and along the ground
water flow path.

During the 1970's Molycorp excavated trenches and

. installed french drains to intercept the seepage flow south

000381

of Dam No. 1 and southeast of Dam No. 4. These seepage

barriers appeared to be fairly effective for some time but

recently there has been evidence that an increased amount

of seepage from the tailings ponds flows past these

barriers. This seepage flow is generally in the shallow

alluvium and the fairly high constituent concentrations

160004

87301




lmmm

It is probablé that a large percentage of the seepage
from section 35 is transperted by the ground water flow in
the volcanic formations which underlie most of this pond

area. 1t is believed that most of this ground water flow
15_d15char99d to Red River at the numercus springs along
the Red river Gorge. The accretion to Red River from
gggggg"giga‘BEE;EEh the head of the gorge to the State fish

hatchery is on the order of 18 cfs indicating a large

amount of ground water flow in the volcanic formation.

In April 1993 a water quality survey was made along Red
river between the State Road 3 highway bridge and the Red
river Fish Hatchery. The primary purposes for this survey
study were:

(1) Determination of the concentration of gignificant
pond seepage water constituents in the greund water and
spring water entering Red River.

(2) Determination of the amount of seepage water
contained in the ground water and spring flows along
specific reaches of Red River.

‘ (3) Determination of the effect on Red River of the
pond seepage discharge.

This study was conducted in conjunction with a ground
water study, being prepared by South Pass Resources, Inc.,
to determine the characteristics of the ground water
aquifef south of Dam No. 1 and the distribution’and
concentration of significant tailings pond water
constituents in the ground water immediately down gradient
of the pond areas.

Both studies were being conducted to determine the
desirability and feasibility of further action by Molycorp
to reduce the effect of seepage from the pond areas.
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EVEY OF RED RIVER
The survey was conducted on April 12, 1993 between

cate gighway 3 and the fish hatchery. Six water samples
5 ' .

ere collected at selected locations along Red River. Four
W

gamp
fi&lds south of Dam No, 1 and five samples were collected

from springs flowing into Red River along and at the head

jes were collected from springs and drainages in the

of the Red River Gorge. Both the warm and cold water fish
patchery supplies were sanpled. A sample was collected
grom the 002 outfall. Samples were taken from the drainage
pelow the 002 metering manhole and from a spring along the
jrrigation ditch east of that point. Conductivity and
temperature measurements were recorded at all of the above
and at an additional nine points in Red River and nine more
spring or field drainage points. All samples were analyzed
for sulfates, dissolved and suspended aluminum, molybdenum
and ten other elements or parameters. The flow from many
of the springs and field drainages were estimated at the
time of the survey.

Subsequently the USGS recorded stream Ilow data was
obtained for April 11, 12 and 13 at Red River near Questa
(Ranger Station), Red River below the fish hatchery and
Cabresto Creek near Questa. The fish hatchery
superintendent was interviewed relative to the amount of
cold and warm spring water that was being-zhtercepted.

The following Table No. 1 is a summary of the more
significant data obtained during the survey. Table 2
presents the complete data of the laborateory analysis of
the water sampies collected during the survey.

Drawing No. 1.shows the significant elements of the

area and the location of the stream survey stations.
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' USGS stream flow data 1nd1cates the followang mean.
dally flows were present at the tlme of the stream survey
- station’ . 7. 1993

I : . April 11 April 12 ‘Agril 13 ST
_Red Rlver Near Questa . ,”ti; '537:'55"=741.x- C S

(Ranger Statlon)

“’f[cabfgétq;cfeek?' _;1;h;

o Red Rlver Below Flsh *fg*_t ;\"T52h°f€f;iﬁwh;

St Hatchery

B ‘f‘ The. USGS data 1nd1cated measurement condltlons were-
1. tdrﬁgood durlng this tlme perlod Good condltlons under the
* i USGS class:.f:.catlon means that about 95% of the reported
:dally dlscharges are w1th1n 10% of the true value.
lestorlc USGS stream flow data 1nd1cates that except for .
.Cabresto Creek there generally is not a s1gn1f1cant amountu-
'of gain or loss in Red River between the Ranger Stat1on and_
the "highway brzdge when 1rr19at10n water is not belng :
dlverted and there is not a s1gn1f1cant amount -of dralnage
.from recent prec1p1tatlon . The data 1nd1cates that there

may have been a small amount of 1rrlgatlon dlver51on on the”
date of the stream survey T o , '
Table 3. is a tabulation of the USGS reported da11y
,stream fiows for March and April 1993. ThlS table also
shows the indicated galn or loss between the Ranger Statlon
(plus Cabresto Creek) and the flSh hatchery Gains in

S
‘ y
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TABLE 1
LOWER RED RIVER SURVEY 4-12-93
Summary of Survey Data

RED_RIVER SPRINGS & DRAINAGE
: QMPLEQE&Q&,H_Q& COND TEMP SO 4 COND TEMPSO 4
B wy Bridge 345 8.3 119
, Be'%?n fleld. | 398 105 92
2 2P Drainage | 456 8.3 -
2A  [igld Drainage o 415 11.2 92 )
3. [ielg Drainage 926 17.8 172
4. . RR above 3/4 369 8.3 -
s op above 002 376 9.1 118
5 002 1984 9.7 840
6. Field Drainage ' 450 9.3
A coepage @ 002 1800 9.8
6B-  Field Drainage 863 10.1 228
. CRaboveBig Spr. 418 9.8 141 |
- Big Spring 1390 7.8 504
3. pipe @ Big Spr. 870 7.1 210
. 10 CRbelowBS 412 10.3 138
B ::A RR above Pope 410 10.4 . -
‘| g FRmobove Pope 408 105 -
11C. RR @ Pope 410 10.5 --
11D,  RR below Pope 410 10.4 -
11E. RRbelow Pope 410 10.4 --
12 Spring 388 15.3 115
13. RR above S12: 410 10.5 128
13A.  Spring 407 15.8 -
138.  Seep | 410 14 - --
13C.  Spring 436 14.5 --
13D. AR 410 10.5
14 South Side Spr. -— 450 16.9 126
14A. RR above S1i14 410 10.8 ‘
5]  Spring 238 16.4 20
15A.  RR : 284 16.3
158. RR | 404 11.2
15C.  Spring . 28B4 16.4
16,  RR 407 11 129
16.‘1\. RR @ Div.Dam 407 11
17. Hatchery Cold Spr. 430 8.3 80
18! Hat-Warm Spr. 320 15.8 63
‘,- | 19 g, Ditch 002/003 1550 10.5 660
20, Drain Below 002/003 1520 8.9 790
160008
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TABLE ! g ‘ - ' ‘l'
WATER QUALITY SURVL:.-ALONG RED RIVER o

BETWEEN STATE ROAD 522 AND FISH HATCERY
APRIL 12, 1993

_ TOT Dis. SuUs.

SAMPLE SOURCE PH ALK F TDs S04 1SS MO AL €D AL FE PB cu ZN MN
#1 R/R Below , : ’
Highway Bridge 7.23 38 0.84 265 119 31 <03 <5 <005 7.8 0594 <1 0036 0250 092
#2 Spring N. Side R/R 6.76 80 055 247 g2 20 <.03 <5 <.005 05 0543 <.t 0.007 0.021 0.02 -
#3 Field Drainage 1o
R/R S00'E. of 002 7.44 99 0.60 246 92 7 020 <5 <.005 <5 0405 <1 <005 0.047 0.05
#4 Field Drainage to ,

«~  R/R450'E. of 002 8.22 94 046 648 172 6 <03 <5 <«<.005 <5 0.1156 <.1 0008 0.012 0.05
#5 R/R 300'E. of 002 7.60 43 0.90 240 118 22 <.03 <.5 <.005 80 0569 <1 0.028 0.222 .88
#6 Outfall 002 726 152 1.90 1764 840 20 1.80 <5 <.005 <5 0.102 <1 <005 0.010 1.40
#7 Field Drainage
75'W of 002 7.20 1’55 0.80 727 228 39 020 <5 <.005 27 1.090 <.1 0.009 0.017 0,03
#8 R/A Above Questa
Spring 7.14 50 0.88 268 141 21 <.03 <5 <.005 ‘6.2 0573--<.1 0029 0207 088
#9 Near Questa Springs . : .

SE of Conc.Box 7.02 158 0.38 1094 504 88 <.03 <5 <.005 85 2940 <.1 0016 0.047 0.07
#10 Near Questa Springs

Bnd of Old Pipe 750 177 060 576 210 7 <.03 <5 <006 <5 <.05 <1 0,005 0010 0.01
& o

=4
=
© Y11 R/R 500'W. of
Questa Springs , 7.45 54 0.90 269

138 22 <.03 <5 <.005 3.10 0.618 <.t 0033 0215 0.88
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A TERRCE Wl - TESSXN :

WATET QUALITY SUIMVEN — LORGOG MEC AVER
BETWEEN STATE ROAD 822 AND FIBV RMATCERY
APRIL 12, 1993

o TOT OIS, SUS.
SAMPLE SOURCE PH ALK F DS S04 IS5 MO AL CD AL FE PB
#12 Spriné~N. Side o
R/R Sta. 47+20 6.94 ez 0.80 271 115 47 <.03 <5 <005170 236 <.1 0011t 0046 0.13
#13 R/R Sta. 47+70 ‘
Above Hatchery ’ 7.45 51 0.90 259 128 22 <08 <5 <.005 3.00 0590 <.1 0.026 0.206 - 0.83
‘#14 Spring S. Side
R/R Sta. 36+80 8.14 82 0.80 304 126 < <.03 <5 <005 <5 <05 <1 <005 0005 0.01
v}
#15 Spring N. Side
R/R Sta. 36+40 7.26 a0 1.10 145 20 <1 <03 <5 <005 <5 <.06 <.1 <,005 «<.005 <, 0
#16 R/R Sta, 7.80 49 090 247 129 24 <.03 <5 <.0053.10 0.527 <1 0.024 0.191 0.781
#17 Hatchery Inlet _ !
Cold Water 7.14 43 0.64 176 80 <.03 <5 <005 <5 0.138 <1 <005 <.005 <,0
#18 Hatchery Inlet .
Warm Water : 7.87 f77 1.0 284 63 © <,03 <5 <005 <5 0181 <.1 <005 0.010 <.0
#19 Seep Water in
Irrigation Ditch Above
002 Line X @ Road 773 174 054 1304 660 <.03 <5 <005 <5 0.160 <.1 <.005 0.0t3 0.05
#20 Molycorp Drain
Below Culver Above Ditch 8.10 153 1.90 1702 790 1.70 <.5 <.005 4.00 24 <1 0016 0010 200

010091
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excess of 18 cfs during the first two weeks of March
jndicate run-off from spring snow melt along the survey
reach. During the latter part of April the net gains were

generally below 18 cfs because of -irrigation diversions.
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The USGS data also includes the river stage (gage
height) at the. stations on an hourly basis. The hourly

data was used for determination of the specific probable
stream flow at the average time of the stream survey.
Accretions to Red River

Previous studies have established that the accretion to
Red River due to natural spring flow between the highway
pridge and the mouth of Red River is fairly constant and
amounts to approximately 32 cfs. Of this, the data
indicates that 18 cfs originafes above the fish hatchery.
Hydro-geologicai analysis indicates that the majority of
B the spring flow is from the north side of Red River.
P At the time of the stream survey, the irrigation

ditches west éf the highway were dry, there were no surface

stream flows to the river along the survey reach and there
did not appear to be any signifiéant amount ¢f drainage
from precipitation. It is believed, therefore, that
accretions to Red River at that time consisted essentially
of the natural spring flow, the discharge from 002 and 003
and seepage from the tailings pond area which was not being
intercepted by the 002 and 003 collection-gystems.
Fish Hatchery Diversions

The New Mexico Game and Fish Department has constructed
facilities which intercept a large porticn of the spring
flow upstream of the hatchery. The intercepted spring
water is trahsported to the hatchery by two pipelines. One
pipeline extends to the large spring compléx on the north
side of the river at the upper end of the Red River Gorge.
F Water from this spring complex has a temperature of from 8°

160011
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MARCH 1993

RANGER CABR. RS &
DAY STATION CREEK CAB CK
1 22 6.2 28.2
2 20 57 25.7
3 19 56 24.6
4 20 56 25.6
5 20 5.6 25.6
6 21 5.9 26.9
7 22 6.2 28.2
8 22 6.2 28.2
9 23 6.3 29.3
10 24 6.6 30.6
11 24 6.6 30.6
12 23 6.3 29.3
13 20 5.3 25.3
14 22 6.1 28.1
15 23 6.6 . 29.6
16 23 6.6 29.6
17 24 6.7 0.7
18 25 6.8 1.8
19 26 6.9 32.9
20 27 7 34
21 28 7.3 35.3
22 30 7.4 374
23 30 7.7 37.7
24 31 8 39
25 33 8.3 41.3
26 34 8.6 425
27 36 8.6 446
28 34 8.4 42.4
29 34 8.3 423
30 33 8.2 41.2
31 32 7.8 39.8

TABLE 3

USGS STREAM FLOW DATA - CFS

BELOW
F HAT
54
51
50
50
48
51
53
55
56
55
54
52
47
49
48

. 49
- 50
51

. b2
52
52
53
55
59
59
58
63
68
59
58
57

GAIN
25.8
25.3
25.4
24.4
22.4
24.1
24.8
26.8
26.7
24.4
23.4
22.7
21.7
20.9
18.4
19.4
19.3
19.2
19.1

18
16.7
15.6
17.3

20
17.7
15.6
18.4
15.6
16.7
16.8
17.2

APRIL 1993
RANGER CABR. RS &
STATION CREEK CAB CK
31 7.8 388
32 81 401
32 82 402
30 7.9 37.9
33 8.4 41.4
34 85 425
34 7.8 418
33 8.1 411
33 9.5 425
34 10 44
37 11 48
41 11 52
46 12 58
a7 12 59
46 12. 58
44 12 56 -
42 11 53
42 12, b4
44 12 56
44 12 56
48 12 60
57 14 71
73 16 89
78 21 99
71 19 90
78 20 98
95 24 119
105 26 131
115 29 144
122 31 153

BELOW
F HAT
57

59

61

58

60

61

61

60

60

61

62
65
70
77
79
79
79
70
71
76
75
83
96
107
102
102
119
129
135
147

GAIN
18.2
18.9
20.8
20.1

. 18.6

18.5
19.2
18.9
17.6




to 10°C and is referred to as the hatchery cold water
supply. The other pipeline collects water from numerous
springs west of the upper end of the gorge. Water from
these springs has a nominal temperature of 16°C and is
referred to as the warm water supply.

It is believed that the cold water springs are fed by
ground water from the alluvial aquifer east of the
Guadalupe Mountain volcanic formations which flows -
primarily along the frontal lobe of the volcanics and/or
along the easterly most velcanic formation fault zone.

The warm water springs emanate from the wvolcanic
formations along the Red River Gorge. The higher
temperature of this spring water is attributed to heat
gains from the volcanic formations.

Flow meters have been installed on both the warm and
cold water supplies to the hatchery. At the time of the
‘ "’ stream survey, however, neither meter was operating
properly. The hatchery superintendent advised that the
warm water supply normally ranged from 4600 to 4700 gpm
(10.2 to 10.5 cfs) and the cold water supply varied from
900 to 1500 gpm (2.0 to 3.3 cfs). The flow at the time of
the stream survey was estimated at 10 ¢fs for the warm
water suppiy and 2.7 cfs for the cold water supply.
Ambient Ground Water Quality o

"Table 4 lists the water analysis for a number of
springs and wells up gradient or out of the tailings pond
seepage flow path. Winograd in Technical Report No. 12,
indicated that the gquality of water in the volcanics and in

the alluvium formations was nearly the same.

oot
Iwa',mp_»
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WATER QUALT} ... SPRINGS AND WELLS
IN THE VICINITY OF GUADALUPE MOUNTAINS

S i, '

: SPEC. MAG- MOLY -~
WATER SOURCE LOCATION AGENCY DATE COND. TDS pH S04 CAICIUM NESIUM CHLORIDE FLOURIDE JIRON MANGANESE DENUM  ZINC
Seg TwpRng umhos mgl units mgl mgfl mg/l me/l mgfl  upll ugfl upft el
Big Arsenic Springs 8 28 12 USGS 10-07-80 228 161 82 220 18.0 48 69 —-—— <0 2 <10 ——
Big Arsenic Springs 8 28 12 USGS D8-20-82 220 159 79 220 200 5.1 6.8 12 4 3 ~--Z 13
Big Arsenic Springs B 28 12 EID 01-13-83 226 162 15 237 18.0 57 80 W ——— - <10 - <50
Big Arsenic Springs 8 28 12 EID  07-23-84 ——= 160 =~-~ 248 163 56 6.0 -—= <50 <10 . <50 <50
Big Arscric—North Springs B2 1R EID 01-13-83 229 163 15 237 19.4 5.4 80 W = - N <10 <50
Big Argenic—Meadow Springs 8 28 12 EID 01-13-83 192 163 15 237 194 5.4 B0  —— e <10 -——— <50
Big Arsenic—Meadow Springs 8 28 12 EID 11-08-84 | ——— 154 ——-— 296 224 1.8 6.3 1.2 <100 <50 <10 <50
Big Arsenic—~Meadow Springs 8 28 12 EID 05-30-85 =~ —~-— 165 -~— 245 24.0 8.3 8.6 —== 1107 <50 <10 <10
Big Arsenic~High Springs 828 12 EID 11-08-84 ——— ——— ————— 216 39 — 108 4807 <50 <10 —-—=
Big Arsenic—High Springs 8§ 28 12 EID  05-30-85 247 170 -—= 245 112 20.0 6.8 -——— <350 <50 <10 —-_—— }
Chiflo Springy EID G5-30-85 2[ === =~= 266 225 17.6 TJd ———=—— m—— m—— -
b BLM Visito Center Well ¢ 28 12 USGS 08-20-82 220 156 79 200 19.0 50 7.0 1.2 7 3 -——— 48
= BLM Chiflo Wells 9 28 12 USGS 08-20-82 220 158 80 230 19.0 52 69 13 3 - 10 —— 97
Mottle Spring— Red River 9 28 12 USGS 08-19-82 220 ==m TS5 ——— - —_-——— - - 3 B 6 <3
Warm Spring—Red River 9 28 12 EID 02-21-84 ——— 164 ==~ 217 24.0. 59 9.7 @ ——e e <10 -—— <100
MC Guadalupe Well 4 .
(Average of 7 samples) 22 29 12 MC 12--87 -—-~ 167 75 501 20.5 49 8.7 1.1 5 ;2 <2 150
MC Guadalupe Well 5 .
{Average of 5 samples) 3320 12 MC 1i-85 —== 167 —~- 188 204 5.4 76, i1 3 4 <2 40
i
ALLUVIUM WELLS ‘ :
Top of World Farm 35 1 74 1955 217 136 7.7 88 24 57 50 08 ——— —_——— =m=— ==
Anderson Well 16 12 30 1954 194 === 72 ===  --=  —-- 45 0 -t e ——— e e
Carter Farm 24 12 30 1954 190 === ——~— 43 36 2 18 T —— - —— —
. ‘\ y
WATERS APPEARING TO BE ABOVE NATURAL AMBIENT
Fish Hatch. Cold Springs 128 12 FEID 10-18-84  ——~=~ 306 ——— 706 504 79 5.7 073 <350 <50 10 <50
Spr. Across from STP 128 12 EID 10-15-84 ——= 320 72 813 50.0 82 6.0 067 <100 <50 15 -
Fish Hatch Spr. Coll. Box 228 12 FEID 10-16-84 —-—— 460 ——=~ 152 84.6 14.0 . 70 0.73 <100 <50 22 <50
Fi%ﬂalch.warm Springs 328 12 EID 10-16-84 —=—= 158 =—-= 432 19.0 6.7 10.3 -—— <100 <50 14 <50
=
el Where analysis was made all samples had concentrations

of cadmium, copper and Icad near or below the detection limit.
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Tailings_Seepage Water Quality

For the analysis and thig report it was assumed that
the concentrations repcorted in Table 2 for sambling point '
No. 6 {002 outfall) reflected the gquality of the tailings
pond seepage flow. '
ANALYSIS

A large part of the analysis was based on the following

selected values:'

_ Table 5
Selected Analytical Valuesg : ]

Element Flow CFS Sulfate ma/l
Red River é Hwy .Bridge 46.0 119

Total Natural Spring Flow 18.0 20
Hatchery Warm Water Supply 10.0 63
Hatchery Cold Water Supply 2.7 80
Tailings Pond Seepage - 840

Red River Below Fish Hatchery 66.29 -———

The selected value for the flow in Red River below the
fish hatchery was based on the USGS reported hourly stage
reading at the estimated average time when the flow during
the survey was passing by the station. The flow at the
highway bridge was derived by subtracting the assumed and
calculated accretions above the hatchery from the flow in
Red river at the station below the hatéﬁéry. The sum of
the Red River flow at the Ranger Station plus Cabresto
Creek was approximately 49 cfs at that time indicating a
nominal difference in the flow measurements and/or that
there may have been a small amount of irrigation diversion
from the reach above the highway bridge.

The ambient concentration of sulfate for the natural

which is slightly below the average of the concentrations

' 160015
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for the springs and wells listed in Table 5. If a higher
value had been used, the calculated amount of tailings pond
seepage flow would have been slightly less.

Other values for the analysis were taken from the data
base set forth herein and/or laboratory data for the survey
water samples.

Additional mathematical analyses, not included herein,
were made using changes in water temperature, conductivity
and concentrations of other constituents. These analyses
in general supported the results of the analysis based on
sulfates. The results, however, appeared to be less

precise.

(a.) Calculations of Total Seepage_Flow.

Inflow CES . Ma/l SO,
RR @ Hwy 46.0 @ 119
Natural Spring Flow 18.0 @ 20
Tailing Seepage S @ 840
Outflow

Red River above Hatchery + 46.0
(Nat .Spring Flow + 18.0

(F.H. Warm Water) - 10.0
(F.H. Cold Water) - 2.7
{Seepage Flow) + S
= (51.3+8) @ 129
F.H. Warm Water 10 @ 63
F.H. Ccld Water 2.7 @ 80

160016
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Multiplication CFS X Conc:

5474 + 360 +8408 = 6618 + 1295 + 630 + 216
by Subtraction: '

7118 = 1630
by Division:

S = Total tailings seepage flow = 2.29% cfs.
(b.) Warm Water Spring Flow

The stream éurvey found several springs along the upper
part of the Red River Gorge which had sulfate :
concentrations somewhat higher than the ambient natural
ground water. It was presumed that these springs were in
the flow path of and included tailings pond seepage. An
§0, concentration of 120 mg/l was selected as being
representative of these springs.

No springs with elevated S0, concentrations were
detected downstream of sampling point 14 indicating that
this was the westerly limit of the tailings pond seepage
flow path. An SO, concentration of 20 mg/l was assumed for
spring flow below Station 14. This value was also used for
spring flow to Red River from the south.  (Some of the
springs along the south side of Red River had elevated 50,
concentrations indicating that ground water from the north
was flowing beneath Red River with discharge at fissures
along the south shoreline).

‘Based on 80, concentrations of 20 Mg/l for the natural
ground water and 840 mg/l for seepage water, the spring
water which had a concentration of 120 mg/l consisted of
87.8% of natural ground water and 12.2% seepage water.

The warm water supply to the fish hatchery is composed
of both spring water from the flow path down gradient of
the tailings ponds (120 mg/l) and spring water west of the:
flow path and from the south (20 mg/l). The laboratory
analysis of the combined hatchery warm water supply

14 160017
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indicated a SO, concentration of 63 mg/l. Mathematical
calculations therefore indicate that 43% of the warm water
supply consisted of spring flow within the pond seepage
flow path (120 mg/l) and 57% from spring flow outside the
seepage path (20 mg/l1).

The estimated warm water hatchery supply was 10 cfs.
Calculations indicated that this consisted of 5.70 cfs of
spring water from cutside the seepage path (20 mg/l) and
2.27 cfs of spring flow within the seepage path (120 mg/1).

The 2.27 cfs of spring flow within the seepage path was
composed of: o

1.99 cfs of natural ground water flow

0.28 cfs pond seepage flow.

{c.) Hatchery Cold Water Supply

The hatchery cold water supply is obtained from the
spring complex on the north side of Red River near the
upper end of the Red River Gorge. The cold water supply
was estimated to be 2.7 cfs at a SO, concentration of 80
mg/l. Based on the selected values of 20 mg/l for natural
ground water flow and 840 mg/l for pond seepage water, the
cold water supply consists of 2.50 cfs of natural ground '
wate; flow and 0.20 cfs of seepage flow.

(d.) Balance of Accretiong to Red River

_Subtraction of the determined discharges (F.H. warm and
cold water supplies and discharge from.abz) from the total
calculated accretion (18.0 cfs spring flow plus 2.29 cfs
seepage flow) leaves a balance of 6.99 cfs at an average
S0, concentration of 133.8 mg/l to be accounted for. The

assumed scources ©f the unaccounted for accretion were:

(1.} Warm spring flow direct to Red River from west of
the pond seepage path and from the south side.

“"{2.) Warm spring flow within the pond seepage path
direct to Red River.
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‘(3.) Cold spring flow direct to Red River from the

spring complex near the upper end of the gorge.

(4.) Field dfainage and alluvial ground water flow
upstream of the Red River Gorge.

It was found that there were too many variables for

mathematical determination of the distribution of the

remaining amount of accretion to the various sources.

Calculations based on assumed allocations, however,

‘revealed that there was a fairly narrow range of possible

flows from each source which would total 6.99 cfs at an

average concentration of 133.8 mg/1 S0, .

Assumptions used to arrive at the most probable

allocation included:

000396

(1.) The warm water spring flow direct to Red River.
probably consisted of spring water flow outside the
pond seepage path approximately in the same ratio to
spring flow within the seepage path as contained in the
warm water supply line (i.e. 57% - 43%) and that the
SO, concentrations were probably nearly the same.

{2.) The cold water spring flow direct to Red River

probably has the same So4lconcentration as the cold

~water supply to the hatchery. (Water samples from

stations 9 and 10 are believed to be from field
drainage and shallow alluvial ground water flow rather
than from the main cold water spring flow.)

(3.) The significant increases in river water
temperature indicates that a large part of the
unaccounted for accretion is from warm water spring
flow.

(4.) There is a significant amount of field drainage
and shallow ground water flow from the alluvial
formation upstream from the large spring complex at the
ﬁﬁpér end of the Red River Gorge. Such is evidenced by
the fairly significant indicated increase in the
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indicated SO, concentration in the vicinity of sampling
point No. 8. The average SO, concentration of the
field sampling points (Stations 3, 4, 7, 9 and 10) is
240 mg/l. This value was assumed to be representative
of the field drainage and flow from the shallow
alluvium. '

(5.) Accretions with a SO, concentration in excess of
134 mg/l must be present to offset the accretions from
the cold and warm water springs which have
concentrations of less than 134 mg/l.

. Based on the above assumptions and other wvalid
considerations, the most probable distribution of the
unaccounted for accretions appeared to be as follows:

(a.) Warm water spring flow from the north side of
Red River west of the pond seepage path plus spring
flow from the south side of Red River. ---2.81 cfs @
20 mg/1 50,.

(b.) Warm water spring flow direct to Red River
within the seepage path of the tailings pond area ---
1.65 cfs @ ;Zo'mgll SO,. {This flow would consist of
about 1.45 cfs of natural ground water and 0.20 cfs of
seepage water.) .
™ (c.) Cold water spring flow direct to Red River --
0.40 cfs @ 80 mg/l SO,. (Composed of .37 cfs of
natural ground water and 0.03 cfs Seepage flow.)

(d.) Field drainage and shallow alluvial flow east
of the cold water spring complex -- 2.67 cfs @ 240 mg/1
§0,. (Composed of 2.02 cfs natural ground water flow
and 0.74 cfs of seepage flow).

160020
17




(;'au.'.u

A schematic diagram showing the above distribution of
accretion flow and all of the other measured and derived '
spring and river flows and SO, concentrations is included
at the end of this report. |
SUMMARY AND CONCLUSIONS

At the time of the stream survey (April 12, 1993) the
quality of the water in Red River (relative to constituents
associated with Melycorp's operations) was better below the

- fish hatchery than at the State Highway bridge. The

sulfate concentration was nearly the same. The
concentrations of aluminum, iron, copper,.zinc and
manganese were all lower at the downstream point.
Concentrations of molybdenum, cadmium and lead at both the
upstream and downstream ends of this reach, were all below
the detection limits for the laboratory methods used.
Except for manganese, all constituents analyzed were below
drinking watei and stream water quality standards. The
high manganese concentration are due to concentrations in
the river upstream of the tailings pond area.

The quality of the natural ground water in the area is
excellent. The average'sulfate concentration is low at
only slightly more than 20 mg/l.

Except for TDS and SO,; the seepage flow from the
tailihgs ponds compares favorably with Red River water
quality.

The majority of the natural spring flow along the
survey reach is intercepted by the fish hatchery water
supply system. Analysis of the hatchery water supply
indicates a moderate increase in sulfate; however, the
conecentration (63 - 80 mg/l) is still far below drinking
and“ground water standards. The maximum 80, concentration
found for any individual spring was 126 mg/l. (Sampling
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points 9 and 10 are believed to be field drainage and
shallow alluvium aquifer flow rather than spring flow.)

High concentrations of sulfate (660 - 690 mg/l) were
found down gradient of the junction manhole from 002 and
003 which is located in the natural drainage channel below
Dam No. 1. and about 1/4 mile north of Red River. Other
data indicates elevated SO, concentrations in some monitor
and private wells in and down gradient of this area. The
highest SO, concentration detected near the river was 504
mg/1 at, Station No. 9. We believe that the field drainage
below Dam No. 1 and 003 is concentrated at this location.
Molycorp is presently investigating the feasibility of
constructing additicnal seepage barriers and/or other
facilities to substantially reduce the seepage flow down
gradient of the tailings ponds in this area. .

Data from the stream survey indicates that at that
time, the total tailings pond seepage flow entering Red
River (including the fish hatchery supply) was about 2.29
¢fs (including discharge from 002 and 003). Of this about
0.6 cfs was flowing from 002 and 003. 0.7 cfs were in the
field drainage and shallow alluvium aquifer flow east of
the volcanic formations. These seepage flows are
presumably from the tailings ponds in Section 36 and the
easterly part of the tailings ponds in Section 35. An
additional seepage flow of about one cfs was indicated to
be contained in the cold spring flow at upper end of the
gorge and in the warm springs along the gorge. It is
believed that this seepage flow is from the west side of
the pond area in Section 35 and from the pond area above
Dam No. 5. Survey data indicates that the seepage path
from these areas extends downstream to within about 1/2

~mile east of the fish hatchery.
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